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INTRODUCTION 
'The straggle between man and insects began long before the dawn of 
civilization, has continued to the present time, and will continue as long as the 
human race endures. Wigglesworth (1948) stated that insects are probably 
through past ages have always been the terrestrial animals most adaptable 
organisms to changing conditions such as food, climate, competition with other 
animals and occupying a fantastic number of ecological niches. They are found 
in every habitat from arctic snows to hot springs to pool of petroleum and argol. 
The main reasons for their better survival are: ability to adapt to diverse habitat, 
high reproductive capacity, ability to consume different kind and quantities of 
food and ability to escape quickly from their enemies.-
• In addition to losses to crops in the field, insects come in a way when the 
agricultural and other products are stored. A number of insects like beetles and 
moths are known to attack food grains in bins, mills, warehouses, retail stores, 
godowns and in the houses. The damage done in this way is estimated to ran 
into millions of rapees. An FAO study reported that worldwide armual losses of 
stored grains is ten percent that is over thirteen million tons."* Approximately one 
thosand species of insects have been found associated with stored products 
(Saxena, 1995); beetles and moths predominates the most common ones are 
Rhyzopertha dominica (lesser grain borrer), Sitophilns oryzae (rice weevil), 
Tribolium castaneum (rust-red flour beetle), Corcyra cephalonica, Ephestia 
cautella, Sitotroga cerealella (grain moths), Oryzaephilus sp. (saw toothed 
beetle), Callosobruchus sp. (pulse beetle) and Lasioderma serricorne (cigarette 
beetle). Trogoderma granarium, the notorious dermested beetle is a threat to 
stored grains (Kamavar and Dlamini, 1967). India looses annually upto five 
thousand crores due to weeds, pests and crop diseases. Wheat and paddy which 
are the major food grains in India contribute to the loss of nineteen crores of 
rupees. The loss is 35% of the potential production due to the fungal and viral 
diseases and insects (Patel, 1975). It is sole naked truth, that one out of every 
five tons of the produce is claimed by the insects (Banerji et al., 1985). 
'The worldwide annual post harvest losses caused by insect damage, 
microbial deterioration and other factors are estimated to be 10 to 25% 
(Mathews, 1993). It was observed that 25 to 40% of the food produced is 
destroyed or consumed by different kinds of pests at the pre and post harvest 
stages. It is tragic indeed that such large production never reaches the hungry 
race. 
In the recent years entomologists have emphasized the importance of 
economic threshold as they apply to manage the insects of economica 
importance. The develoment of economic threshold require biomathematical 
and economic expertise in pest management. It is difficult to determine the 
economic threshold of most pests on most crops. To do so it requires an ability 
to predict the probable consequences of continuing increase population if 
management tactics are not exerted in relation to injury level. The control of 
insect pests is a goal which challenges every fibre of man's ingenuity and 
intelligence. For this purpose man has been involved in devising newer 
methods, tools and techniques. However, every time insects counter ways to 
blunt every weapon invented by man to exterminate them. Thus, man's search 
for a master weapon to be used against nuisance insects in order to achieve 
decisive victory still goes on. 
By far insecticides are the chief means at the disposal of man to be used 
against insects successfully. The large scale use of chemicals to prevent 
agricultural damage is one of the main factors in minimising losses due to pests. 
Though these insecticides are highly effective and offer quick and immediate 
solution to pest problem but their widespread and indiscriminate use in both 
developed and developing countries have often caused contamination of the 
environment, persistence of residues, disastrous ecological damage and 
elimination of beneficial insects (Klingauf, 1984). In addition the phenomenon 
of insecticide resistance in insects has further compounded the problem and 
compelled man to find out alternative agents for putting check on insects. 
The United Nations Environmental Program (UNEP) reports that more 
than three hundred species now developed resistance against chemicals once 
found effective to control them. The development of resistance to the pesticides 
by many insect species is an important phenemenon as these species change 
genetically by continous use of pesticides (Sanders, 1982). In the past decades, 
controversy has arisen over the use of synthetic insecticides as their continous 
use imposes several adverse effects on the ecosystem. 
The widespread use of synthetic pesticides used as grain protectant has 
led to the development of pest resistance strains (Champ and Dyte, 1976; Zettler 
and Cuperus, 1990). The use of pesticides is harmfiil in many ways and their 
unilateral use in agriculture must not be given a green signal. A complete ban on 
pesticide will really be a disaster on this hungry world, since any single method 
of pest control cannot prove effective in solving all sorts of problem. Therefore 
a serious thought must be given to the problem and sound judgement about their 
use. However, it is felt that different methods of pest control strategies must be 
considered complementary rather than contradictory. 
The recent advances in the field of research are directed towards insect 
growth regulators, antifeedants, repellants and phagodeterients of natural origin 
which are less toxic beside being easily biodegradable in nature (Rajasekaran 
and Kumarswami, 1985). Since, smaller amounts of chemicals would then be 
needed to obtain effective control of the pests in addition to the lesser danger of 
both environmental pollution and develoment of resistance in pest species. 
The selection of appropriate botanical methods may become compatible 
with various components of Integrated Pest Management (IPM), though 
developing countries are promising ecological safe farming. Countries like India 
are struck half-heartedly in IPM. Hence in recent years there is an increased 
dependence on the use of plant products for pest management in crop plants. 
The plant products have been used as grain protectant against stored grain pests 
for minimising the storage losses. In India there are no proper for villages that 
can check effectively insect pest infestation for stored grain insects. Even the 
flimigation is not advisable in poor and developing countries. Thus, old 
practices of protecting stored products fi^om insect pests by various antifeedant 
and repellent plant derivative should be taken into consideration. The increasing 
realization of the magnitude of hazards due to insecticides has intensified the 
attention of scientist towards search of compounds of lower mammalian 
toxicity. 
The available information on pyrethrins, rotenone and nicotine shows 
that these insecticides of plant origin are comparatively safer to mammals as 
well as other animals (Feinstien, 1952). The recent trends to control the insect 
pests have been towards the use of substances of plant origin because these have 
little or no adverse effects on mammals, harmless to plants and sufficiently toxic 
or repellent to pests. A large number of workers studied toxic effects of new 
compounds and pesticide against different insects (Karel and Kongo, 1984; 
Mohammad et al, 1984; Schmutterer et al, 1981). Several plant species have 
already been reported to contain toxic chemicals, which are effective against 
if 
insects pests of agriculture (Devkumar and Dev, S. 1993). 
' Most of the researchers have revealed that several plant products disrupts 
normal development of insects (Bowers, 1985). According to Banerji et al, 
(1985) plant products may be usefiil in formulating sound pest management 
strategies. A number of compounds of plant origin are being used for a long 
time for controlling insects. Similarly crude extracts of number of plants, their 
parts or products, have been found effective against injurious insects. The 
insecticidal properties of alkaloid nicotine have been known since 1800's 
(Metcalf et al, 1962; Ware, 1986). Recently, some attempts were made by 
various workers in different parts of the world showing that indiginous plant 
products are use^,.as=spTiFBPi^tants against insect pests in stored grains to 
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minimize the storage losses due to insects (Annapuma et al, 1989; Bell et al, 
1990; Weaver et al, 1991; Xie et al, 1995). 
In this connection use of neem Azadirachta indica A. Juss is very old and 
common and effective as well. This tree is found widely distributed throughout 
the Indian subcontinent, West Africa and many other region on the globe. It has 
been used by farmers from thousand of years for a variety of purposes, most 
notably as protectant of both field crops and stored products from insect attack. 
This has traditionally been done in such a way as mixing dried leaves with 
grains and storage, crushing its fruit in water sprays on field crops and 
ploughing the cake into soil. Owing these properties of immense importance 
neem has become the focus of scientific research throughout the world, 
particularly during the last three decades. However, it is the seed that contains a 
largest active material (Schmutterer et al, 1981). 
The compound mainly found for toxic effects was first identified by 
Zanno et al, (1975) and named "Azadirachtin". It acts both as an antifeedant 
and by way of interfering with the growth, development and reproduction of 
insects.The developmental aberration caused by Azadirachtin in several species 
of immature insects have been shown to be associated with significant 
reduction or delays in natural moulting hormone fibres (Garcia et al, 1986; Dom 
etal, 1986). 
Azadirachtin has been studied for its biological activity on a number of 
insects and shown to be strong feeding deterrent and growth disrupter (Ruscoe, 
1972; Streets, 1975; Ladd et al, 1978; Rembold et al, 1982; Garcia et al, 1984; 
Chiv et al, 1985). Ayyangar and Rao (1989) demonstrated that methanol and 
hexane extracts of neem seed kernels are not only larval repellants but also 
ovipositional deterrants to adults of Spodoptera litura. 
In the same way there are many plant products which have the potential 
of controlling insect pests. Attention has not been paid to evaluate the 
insecticidal properties of most of them. Some information is available about the 
toxic effect of many plant products against various stages of insects. Plumbagin, 
a napthoquinone occuring in plant Plumbago capensis has been found to exhibit 
antifeeding properties (Kubo et al, 1980). 
Though India is very rich in flora of medicinal and other indigenous 
plants (Chopra et al, 1965), yet not much work has been done to explore the 
possibilities of using them as grain protectant under Indian conditions except for 
few significant contributions (Pandey et al, 1977; Ketkar, 1986) on the 
insecticidal and grain protectant properties of different plants. It is an age old 
practice in several parts of rural India to make dried leaves of neem tree 
Azadirachta indica A. and ash of various plants with stored grains for protection 
against stored grain pests. 
Neem in different formulation is found effective against stored grain 
pests in many parts of world (Jilani and Su, 1983; Kamavar and Dlamini, 1987). 
Pereira and Wohlgemuth (1982) reported three fold reduction in the productivity 
of Sitophilus oryzae at 8.0% treatment of neem leaves. The use of plant origin 
insecticide offers an alternative to the synthetic insecticide in protecting grain 
without affecting its food quality. There is a growing interest to use 
phytoproducts against the pests of crops owing to its various advantages over 
the conventional synthetic insecticides such as the elimination of residual 
hazards, contamination, pollution, biodegradation at low cost. Many indigenous 
plant products have been reported to possess insecticidal, antifeedant, repellent 
properties (Banerji et ai, 1985; Pradhan et al.,1962; Chauhan and Qadri, 1989; 
Purohit et al., 1984). Jacob et al., (1994) studied the antifeedant activity of 
some plant products against the leaf catterpillar Selepa docilis Butt, on brinjal 
and wooly bear, Pericallia ricini on castor. The production of pigeon pea 
Cajanus cajan is adversely affected due to the severe infestation of insect pests 
(Chaudhary et al, 1980) reported that 45% pod damage while Thakur and Nema 
(1986) reported a loss of 39.3% due to this pest in pegion pea crop. Helicoverpa 
armigera (Hb.) is the most destructive pest of Cajanus cajan (L) and recently it 
is reported to have developed resistance to many commonly used insecticides 
(Jayaswal, 1990; Phokela etal, 1990; Lande, 1992). 
Increasing concern for environmental awareness of pesticide hazards has 
evoked a worldwide interest in pest control agents of plant origin. These 
botanical pesticides are safer to be in pest control program and may prevent 
several adverse effects caused due to synthetic insecticidal applications 
(Rajasekaran and Kumarswamy, 1985). Jacob et a/.(1994) studied the 
antifeedant property of datura {Datura alba Nees), neem {Azadirachta indica 
Juss), Ak plant (Calotropis procera Br.) and cotton weed {Chromolaena 
odoratum Linn.) against the Selapa docilis Bult on brinjal and Pericallia ricini F 
on castor. 
Pest management cannot operate without accurate estimates of pest and 
densities of natural enemy population. Keeping in view the hazards of excessive 
chemicalization, researchers have attempted the management of various stored 
grain pests by means of certain indigenous plant products, and such rationales 
which have gained worldwide attention, one is ovipositoion was inhibited. 
Numerous plant species reported to possess chemicals which can be used for 
pest control but only few of them seems to be ideally suited for management of 
stored grain weevils. Clerodendron siphonathns has come up as an important 
source of antifertility property as reported by Pandey and Khan (1998a, 1998b). 
Azadirachtin was treated (Warthen,1989; Singh and Gour,1993) against a 
number of insects and was shown to be a storage feeding inhibitor, oviposition 
deterrents. An experiment on the efficacy of certain neem products against 
Amrasca biguttula biguttula Ishida was conducted by Srinivasan Babu (2000). 
The neem products tested by them gave effective control of Amrasa biguttula 
biguttula nymphs. Jembere et «/.,(!995) reported the bioactivity of materials 
from the leaves Ocimum kilimandscharicum tested against the adults of 
Sitophilus zeamais Motschulsky, Rhizopertha dominica (Fabricius) and 
Sitotroga cerealella (Olivier) and concluded that there was 100% mortality after 
48 hours of exposure. Pandey et al. (1977) evaluated the antifeeding, repellant 
and insecticidal properties of five indigenous plants viz. Sweet flag (Acorus 
calamus), Sanhund (Euphorbia royleana), Sukhadarshan {Crinum 
bulbispermum) Lantana (Lantana camara) and Aloe {Aloe vera) against 
mustared sawfly, Athalia proximo klug. Banerji et al. (1982) performed the 
systematic study of the extracts of certain indigenous plants, which are either a 
waste or easily cultivable, against the larvae of mustared sawfly, Athalis 
proximo klug to assess their antifeedant properties. 
Neem seed powder has provided protection against khapra beetle, 
Trogoderma granarium Everts; rice weevil, Sitophilus oryzae (L); red flour 
beetle, Triboleum castaneum (Pandey et al, 1986; Yadav and Bhatnagar, 1987; 
Zehnder and Warthen, 1988; Jilani and Saxena, 1990). Jacob et a/. (1993) 
studied the effects of leaf powders of plants namely Datura alba Nees, 
Calotropis procera Br., Chromolaena odoratum Linn, and Azadirachta indica 
Juss. against adults of R. dominica. Chandra and Ahmad (1986) showed the 
efficacy of few plant material as protectant of wheat against Corcyra 
cephalonica larvae resulting in the reduction of adults. Kumari and Kumar 
(1994) gave the mechanism of action of plant products which interfere with the 
general physiology of insect pests. They further observed that some of the 
botanical pesticides interfere with the steroid utilisation on insect pests such as 
Spodoptera sp., Heliothis sp. and locusts, thereby providing an altemaive for 
pest management. 
From time immemorial efforts have been made to overcome the stored 
grain losses keeping in view the safety of stored products and environment in 
mind. So there is a great need for investigation of pesticidal chemicals with 
reference to their toxicities, efficiencies and hazards. None of the methods 
reported appears to be exactly in favour and in betterment of the human need. 
Plant origin pesticides, now called as the biocides, on the whole supposed to be 
eco-friendly and fulfilling the requirements of the present day agricultural needs 
and probably are on the top in minimising the losses as well as the better yield 
of the respective agricultural products. 
Therefore, the present investigation was aimed to make "bioassay test" of 
biocides of plant. The bioassay test was carried out against three important 
stored grain pests viz., Sitophilus oryzae (L.), Callosobruchus analis (Fab.), 
Tribolium castaneun (Herbst) to assess the comparative efficacy of biocides. 
II 
MATERIALS AND 
METHODS 
1. REARING AND BREEDING OF STOCK 
The stock culture of Sitophilus oryzae (Linnaeus), Callosobruchus 
analis (Fabricius) and Tribolium castaneum (Herbst) was maintained at 27 ±2 
"C and 65 ±5 % relative humidity in Constant Temperature (CT) Room. In the 
present study so as to maintain uniform supply of insect pests of desired age, 
they were reared in sterilized jars containing rice, moong and wheat grains, 
respectively, to prevent them from any contamination. In each rearing jar. 
containing 250 grams of sterilized and conditioned rice, moong and wheat, 
nearly 300-400 adults of 5'. oryzae, C. analis and T. castaneum were released 
for oviposition. The jars were covered with muslin cloth using rubber bands. 
After a week, adults were sieved out and released in another set of fresh 
sterilized jars. During the present investigation the insects were handled with 
care to avoid any physical and mechanical injury. In order to prevent them 
from any kind of fungal infection, they were kept in sterilized jars. 
2. PREPARATION OF BIOCIDES 
The four different plants namely Datura fastuosa (Leaves and Fruits); 
Calotropis procera (Leaves); Lantana camara (Leaves and Flowers); 
Azadirachta indica (Leaves, Flowers and Fruits) were collected from the 
university premises during different seasons. The identification of these 
collected plants was confirmed by the plant taxonomists of the Department of 
Botany, A. M. U. Aligarh. These plant materials were washed thoroughly in 
double distilled water and then shade dried. Fine powder was prepared by 
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grinding the dried leaves, flowers and fruits of the above-mentioned plants in 
the mortar. The 100-gram powder each of the plant material was mixed with 
100 ml of petroleum ether separately. The mixture was left overnight at room 
temperature for defattening and extraction of the required material. It was 
filtered using Whatman filter paper No. 1 and then the residue so obtained was 
again processed as described earlier by Bano (1995). The filtrate thus obtained 
was mixed with 200ml of 90% Methanol (process was repeated twice) and left 
for an hour on water bath at a temperature of 47±2^C for evaporation. The 
residue left after evaporation was mixed with 200 ml of Ethyl Acetate and 
water (1:1 VA^). The Ethyl Acetate traction (EAF) was obtained and was later 
washed with water twice so as to discard water-soluble products. EAF and 
water were mixed thoroughly and then the solution was left as such till the 
visibility of two clear layers of EAF and water. The water layer was drained 
out fi-om the separating ftmnel and 5 grams of anhydrous sodium sulphate was 
added to the thoroughly washed fraction of ethyl acetate to soak the moisture 
content, if present. This mixture was again filtered and subjected to evaporation 
till total dryness was obtained at a temperature mentioned above. The residue 
so obtained was mixed with carbon tetra chloride (100 ml) at a temperature 
0±4*^ C to obtain the crystals (Fig. a). 
From these pure crystals 2% stock solufion was prepared by Pearson's 
square method, in double distilled water. In order to dissolve material 
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completely constant shaking by magnetic stirrer was done. The stock solution 
was kept at <4'^ C for experimental use. 
3. INSECTICIDE BIOASSAY 
Small pellets of rice, moong and wheat flour, approximately of the same 
weight were prepared and dried at temperature 32±1 C in thermostat. The 
concentrations were prepared in fresh and sterilized double distilled water. 
From the stock solutions of biocides, 0.005%, 0.01%, 0.025%, 0.05%, 0.1%, 
0.25%, 0.5% and 1% concentrations were prepared by serial dilution. The 
control experiment was done by using acetone only. Five dried pellets were 
dipped in each concentration of each biocide for 10 minutes. Pellets were 
carefully taken out and again dried at a temperature 32±1 ^C. The toxicity test 
was done in 100ml sterilized glass beakers. In each beaker five treated pellets 
were placed and twenty-five one day-old adults of the experimental pests were 
released. The beakers were covered with muslin cloth with the help of rubber 
bands. The experiment was set at controlled temperature and humidity 
condition. In this way for each concentration four replica were taken, thus 
testing each concentration for hundred insects. The insects were examined 
individually by the naked eye and also by the binocular whenever needed. 
Mortality was determined during 24 hours after exposure of biocides to the 
pellets. Insects were considered dead if no leg movement was observed when 
the snout was pinched with the forceps. 
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DIAGRAMATEC REPRESENTAHON OF PLANT MATERIAL EXTRACT 
FINE POWDER (lOOGM) 
+ 
PETROLEUM SPIRIT (lOOML) 
OVERNIGHT FOR DEFATENING AND 
EXTRACTION 
RESIDUE 
+ 
PETROLEUM SPIRIT (lOOML) 
FILTER 
RESIDUE DISCARDED 
FILTERATE+METHANOL 90% (200ML) 
TWICE 
1 HR 
EVAPORATE ( 4 7 ± 2 t ) 
I 
RESIDUE+ETHYL ACETATE : WATER (1:1, VAO 200ML i 
ETHYL ACETATE FRACTION (EAF) WASHED THRICE WITH WATER i 
EAF+ SODIUM SULFATE, ANHYDROUS (5GM) 
I FILTER 
FILTERATE EVAPORATED TO DRYNESS (47±2 0C) 
RESIDUE + CARBON TETRACHLORIDE (lOOML) 
KEPT AT Q±4 °C 
CRYSTALS 
Fig. (a) 
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4. STATISTICAL ANALYSIS 
The following statistical procedure has been used during the course of present 
investigation. 
(a) Arithmetic Mean (AM) and Standard Deviation (SD) 
The Arithmetic Mean and Standard Deviation were calculated for each 
biocides, concentration as well as experimental pests. 
A.M. =_S_fX 
S f 
Where 'X' is size of item and ' f corresponding frequency and S f is 
sum of all frequencies. 
^ 
N 
N - 1 
Where, 'X' is percent mortality and 'N' is number of observations. 
(b) Chi-square (^) heterogeneity test 
X for homogeneity/heterogeneity has been applied to verify the 
significance of the differences between the samples. 
16 
{X^) = Z (fo-fe)' 
fe 
Where, (i^) and (fg) are the observed and expected frequencies 
respectively. 
(c) Coefficient of Correlation (r) 
To set a relation ship between the applied concentration of biocide 
and the mortality of the insects (pests) coefficient of correlation was 
calculated as-
j . ^y_(LX)(5Yl 
N 
(^x^_(^^(Br^-(f)) 
Where, 'X' is concentration applied and 'Y' is the percent mortality 
noted after the respective treatment. 
(d) Linear Regression Equation 
The coefficient of linear regression, (3 (slope) of Y on X is 
calculated as follows: 
jA^Y Change in the value of Y 
^ X Change in the value of X 
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The Y intercept is, 
Y = a + bX 
This equation has been obtained to study the Hnear regression of 
different biocides with different concentrations, respectively. 
(e) Lethal Concentration 
LC50 and LC90 values are calculated from the transformed 
mortality - concentration graph. 
(fi Relative Ratio (RR) / Toxicity Ratio 
Relative ratio for each biocide for the LC50 and LC90 values was 
calculated by taking the highest LC50 / LC90 as unity and dividing it by 
LC50 / LC90 from the same vertical column. 
RESULTS 
In the present study survey is conducted from different Mandees of 
Aligarh for the collection of stored grain pests. These insects are brought to the 
laboratory for identification and for further study. The comparative efficacy of 
biocides viz., Datura fastuosa (leaves and fruits), Calotropis procera (leaves), 
Lantana camara (leaves and flowers), Azadirachta indica (leaves, flowers and 
fruits), on three stored grain pests namely Sitophilus oryzae, Callosobruchus 
analis and Tribolium castaneum is observed. Above mentioned stored grain 
pests, acclimatized to the laboratory conditions, were carefully observed and 
later used for the present investigation. 
(a) Sitophilus oryzae Linnaeus. 
S. oryzae is commonly known as the 'Rice Weevil'. It is the commonest 
and perhaps the most destructive pest of stored grain throughout the world. Both 
the adults and the grubs cause damage. The adult is a small reddish- brown 
beetle. It is observed that each female lays 300-400 eggs on grains by making 
the depression with the help of their mandibles. After an egg has been laid, the 
hole is sealed with a gelatinous secretion. The eggs hatched after 6-7 days and 
the young larvae bore directly into the grain where they feed and grow to 
maturity and pupate inside the grain. 
(b) Callosobruchus analis Fabricius. 
C. analis, is corrmionly known the 'Mung Dhora' (Pulse Beetle). It is a 
pest of mung, mash moth, peas, cowpeas and other pulses. Both the larvae and 
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adults cause damage. The adult is an oval beetle, somewhat smaller than C 
chinensis. During the course of present investigation it is observed that each 
female lays 30-150 oval, white eggs glued to the grains, at temperature 28 ± 20 
C. The young larva on emergence bores into the grain and feeds there. The 
pupal stage lasts 5-10 days and the average life span of an adult is 5-20 days. 
(c) Tribolium castaneum Herbst. 
T. castaneum is commonly known as the rust-red flour beetle. The adult is 
small reddish brown beetle. The pest completes its entire life cycle, from egg to 
adult stage in about 4 weeks at 28 + 2 ^C, however, the development is retarded 
at low temperature and unfavourable food conditions. In the present study it 
is observed that in case of T. castaneum single female lays nearly 450-500 
white, transparent and cylindrical eggs in the flour. The pest primarily attacks 
milled grains products and whole grains they feed only on the grain dust and 
broken kernels. In severe infestations it is observed that the flour turns from 
white to greyish and mouldy and has a pungent and undesirable odour making it 
unfit for human consumption. 
Relative Efficacy of Biocides on Stored Grain Pests 
The efficacy of some biocides was determined against the adults of three 
stored grain pests with 15 days of exposure. The Table 4,5 & 6 shows the detail 
analysis of Chi-Square heterogeneity test {y^). Correlation, Lethal Concentration 
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(LCso and LC90) and Relative Ratios of all respective biocides against S. oryzae , 
C. analis and T. castaneum. The detail results are as follows. 
BIOCIDES (BOTANICAL INSECTICIDES) 
1. Sitophilus oryzae 
1.1 Efficacy: The observation made on the comparative responses of 5. oryzae 
adults which are allowed to feed on treated pellets, indicates that highest 
mortality reaches to 76.33% at 1% concentration of ^. indica (leaves).The 
minimum mortality is observed at 0.005% of L. camara (flowers) with the 
value of 4.00% (Table -I). 
All the responses, except for L. camara (flowers) and A. indica 
(flowers) are significantly heterogenous (P<0.05) as mferred from the x 
values (Table-IV). The efficacies of L. camara (flowers) and A. indica 
(flowers) are significantly different as the x values of both of them are 
(20.87) and (22.09) respectively, are greater than the tabular value 
(i.e. 14.07, P< 0.05) (Table-IV). 
It is observed from the experimental results that the highest slope 
factor (P) is noted for A. indica (flowers) (68.53) and lowest for A. indica 
(leaves) (35.19) (Table-IV). 
1.2. Lethal Concentration: It is observed that the LC50 value for L. camara 
(leaves) being the highest i.e. 0.487 and LC50 value is lowest for A. indica 
(flowers) which is 0.412 (Table-IV). 
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1.3. Co-efficient of Correlation: A perfect positive correlation (r = 0.93) is 
noted for L. camara (leaves) and the least value (r = 0.53) is obtained for 
A. indica (fruits) in case of .S. oryzae adults (Fig.l). 
2. Callosobruchus analis 
2.1. Efficacy: The data presented in table-II shows that when the adults of C. 
analis are allowed to feed on the treated pellets with various 
concentrations of biocides, the highest mortality (80.50%) is observed at 
1% concentration of ^. indica (leaves). The mortality decreases with the 
decrease in the concentration of the biocide, as is evident at 0.005% 
concentration of ^. indica (flowers). 
The toxicity response of A. indica (flowers) is highly 
heterogenous with insignificant x values, whereas the remaining seven 
biocides are found to be highly significant (P<0.05) (Table-V). As 
revealed by the transformed mortality graph highest slope factor (p) was 
noted for D. fastuosa (leaves) (65.55) and lowest for L. camara (flowers) 
(46.45) (Table-V). 
2.2. Lethal Concentration: The LC50 value obtained for A. indica (flowers) 
showed the highest value (0.50) while a lowest value (0.462) is noted for 
C. procera (leaves). Similarly, LC90 value calculated shows the highest 
values both for A. indica (flowers) and L. camara (flowers) and a lower 
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value of equal magnitude (0.893) is calculated for the rest of the biocides 
(Table-V). 
2.3. Co-efficient of Correlation : A perfect positive correlation (r = 0.99 ) is 
noted for A. indica (flowers) and a least value (r = 0.51) is obtained for L. 
camara (flowers) in case of C. analis adults (Fig.2). 
3. Tribolium castaneum 
3.1. Efficacy: It is observed that when the T. castaneum adults are allowed to 
feed on the treated pellets with 1% concentration of C. procera (leaves), 
mortality reaches to 78.30% which is the highest and at 0.005% 
concentration of ^ . indica (flower) there is no mortality at all (Table-Ill). 
The toxicity response of 4^. indicia leaves) is highly significantly 
different as the % of .4. indica (leaves) is 59.19, which is much greater than 
the tabular value (24.32,P<0.001) (Table-VI). The responses of C procera 
(leaves), A. indica (flowers) and A. indica (fruits) are significantly 
heterogenous (18.48,P<0.01) while the toxicity responses of D. fastuosa 
(leaves), D. fastuosa (fruits), L. camara leaves), L. camara (flowers) are 
significantly heterogenous at (14.07, P<0.05) as is inferred from Chi-
Square (x^) test (Table-VI). 
3.2. Lethal Concentration : It is observed from the experimental results that 
the LC50 for A. indica (fruits) is the lowest (0.437) and that for A. indica 
(flowers) is the highest (0.481). The LC90 value obtained for A. indica 
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(leaves) is lowest (0.881) and highest value (0.893) has been found both 
for D. fastuosa (fruits) and A. indica (flowers), respectively. 
3.3. Co-efficient of Correlation : A perfect positive correlation ( r = 0.80) is 
obtained for C. procera (leaves), L. camara (flowers) and A. indica 
(flowers). The least value (r = 0.53) is noted for A. indica (fruits). 
COMPARISON OF REGRESSION LINES OF THE THREE 
STORED GRAIN PESTS 
1. Datura fastuosa (leaves) 
From the regression lines drawn (Fig.4) apparently there seems 
to be no effect at > 0.5% concentration of Z). fastuosa (leaves), however, at 
0.25% concentration the above mentioned biocide shows its maximum 
effectiveness on T. castaneum (29.4% mortality) and less effect on S. 
oryzae (Fig.4). 
2. Datura fastuosa (fruits) 
The experimental results show that the highly significant 
difference in all the respective biocides against the three stored grain pests 
is at 0.25% concentration and by considering the 100% mortality of the 
pests at 1% biocide concentration as is evident from the comparative line 
graph (Fig.5). 
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3. Calotropis procera (leaves) 
Similar results for C. procera (leaves) are obtained to that of Z). 
fastuosa (fruits), that is shown in Fig.6. The plots demonstrate a linear 
mortality response with its corresponding concentration of biocide. 
4. Lantana camara (leaves) 
This biocide shows its maximum effect on the T. castaneum at all 
the concentrations. The lowest response at 0.5 % concentration is shown by 
S. oryzae wherein 51.66% transformed mortality is noted at the respective 
concentration (Fig.7). 
5. Lantana camara (flowers) 
Exactly similar results are obtained for the efficacy of biocide 
against S. oryzae and T. castaneum. Whereas a slight difference in the 
transformed mortality of C. analis at < 0.25% concentration is observed 
(Fig.8). 
6. Azadirachta indica (leaves) 
As shown in (Fig. 9) least response to the biocide is possessed 
by C. analis, at 0.75% concentration, 76.26% mortality is shown, which at 
1%) concentration coincides the exact 100% mortality response as that 
possessed by other two pests. Relatively a higher efficacy is observed for 
S. oryzae and T. castaneum respectively on the same concentration. 
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7. Azadirachta indica (flowers) 
From the experiments it is concluded that the highest and lowest 
efficacy at all the concentrations of biocide against S. oryzae and T. 
castaneum give exactly similar response in terms of transformed mortality, 
while C. analis shows its comparatively higher resistance to it at 0.75% 
concentration. 75.14% mortality is shown by C. analis, which is almost 
equal to that of the remaining of the two pests (Fig. 10). 
8. Azadirachta indica (fruits) 
From the regression line drawn (Fig. 11) it is noted that the 
pattern of comparative efficacy shown by all the three pests to A. indica 
(fruits) resembles with that of the previous observations. 
COMPARATIVE EFFICACY OF BIOCIDES TO THE THREE 
STORED GRAIN PESTS 
a. Datura fasiuosa (leaves) 
C.analis > T.castaneum > S.oryzae 
b. Datura fastuosa (fruits) 
C.analis > T.castaneum > S.oryzae 
c. Calotropis procera (leaves) 
T.castaneum > C.analis > S.oryzae 
d. Lantana camara (leaves) 
T.castaneum > C.analis > S.oryzae 
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e. Lantana camara (flowers) 
T.castaneum > C.analis > S.oryzae 
f. Azadirachta indica (leaves) 
C.analis > S.oryzae > T.castaneum 
g. Azadirachta indica (flowers) 
T.castaneum > C.analis > S.oryzae 
h. Azadirachta indica (fruits) 
C.analis > S.oryzae > T.castaneum 
Though the results obtained clearly demonstrate that all the three 
stored grain pests are highly effective at 1% concentration of the applied 
biocide that is supported by a correlation study conducted between the 
concentrations of biocides applied versus the mortality of pest. It was noted 
that on the one hand certain biocides like Azadirachta indica (leaves and 
fruits), Datura fastuosa (leaves and finits) Calotropis procera (leaves) 
have proportionately high efficacy, while on the other hand biocides like 
Lantana camara (leaves and flowers), and Azadirachta indica (flowers) 
showed comparatively lesser efficacy. 
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Figure-1: Relative efficacy of different concentrations of biocides against adults of Sitophilus 
oryzae. Bars a-h are: D. fastuosa (1); D. fastuosa (ft); C. procera (1); L. camara (1); 
L camara (fl); A. indica (1); A. indica (fl) and A indica (ft), respectively. 
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Figure-2: Relative efficag of different concentrations of biocides against adults of 
Callosobruchus analis • Bars a-h are: D. fastuosa (1); D. fastuosa (ft);C. procera (1); 
L camara (1);L camara (fl); A. indica (1); A indica (fl) and A. indica (ft), 
respectively. 
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Figure-3: Relative efficacy of different concentrations of biocides against adults of 
Tribolium castaneum . Bars a-h are: D. fastuosa (1); D. fastuosa (fl);C. procera (1); 
L camara(l);L. cjmara (fl); A, indica (1); A. indica (fl) and A. indica (ft), 
respectively. 
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DISCUSSION 
Insects are traditionally controlled by chemicals and in due course of 
time they become resistant to various chemicals. Almost all the insect pests of 
stored grains have a remarkably high rate of multiplication and within one 
season, they may destroy 10-15% of the grains and contaminate the rest with 
undesirable odours and flavours. To the small-scale farmers in the developing 
countries, insecticides available are rather expensive and not cost effective. The 
indiscriminate use of pesticides is causing alarm all over the world. Tembo and 
Murfitt (1995) reported that insecticide have been widely used to protect grains 
from insect infestation, but concern over the development of resistant strains, 
toxic residues, workers safety, erratic supply and prohibitive costs associated 
with insecticides has given impetus to search for alternative methods of storage 
pest control. The toxicological and residual problems are rapidly increasing in 
the control of stored products since modem chemicals of complex nature are 
being used in a large sale. The use of pesticides by farmers ,traders and other 
agencies is a serious health hazard to the consumers .The plant products with 
insecticidal properties are becoming an attractive alternative to the synthetic, 
dangerous and more expensive insecticides used in developing countries. 
Botanicals which are traditionally produced and used by the farmers in the 
developing countries appear to be quite safe and promising in pest control (Jilani 
et. al, 1998) 
In recent years, increasing attention has been focussed on evaluating the 
efficacy and identifying the active components of ethnobotanical materials used 
in grain protection (Hassanali et. al, 1990; Weaver et. al, 1991; Regnault-
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Roger et. al, 1993). Botanical pesticides are now-a-days frequently used as thy 
are eco-friendly and do not have serious impact on any sphere of the 
environment. 
The comparative efficacies of some biocides or botanical insecticides are 
evaluated against the three important stored grain pests, namely, Sitophilus 
oryzae, Callosobruchus analis, and Tribolium castaneum to suggest safe 
methods of stored grain pest control. All the biocides tested against the three 
insect pests moderately affected the survival rate except for a few, where the 
effect is more adverse. It is observed that the average mortality rate increases 
with the increase in biocide concentration. 
During the present investigation it is observed that the extracts of D. 
fastuosa (leaves and fruits) extracts and C. procera (leaves) show adverse lethal 
effects to the three stored grain pests at 1% concentration of C. procera (leaves) 
extract resulted in 78.30% mortality of T. castaneum, while the 1% 
concentration of D. fastuosa (leaves) extract resulted in 78.00% mortality of C 
analis. The population of/?, dominica reduced drastically with the application of 
C. procera (Sharma 1983 a&b). It is evaluated thatD. fastuosa (leaves) extract 
is more toxic than C. procera (leaves) extract to iS". oryzae and C. analis whereas 
in case of T. castaneum it is the C procera (leaves) extract which is more toxic 
than/), fastuosa (leaves) extract (Table 1-3). Yadav and Bhatnagar (1987) 
observed the lethal effects of datura, neem and ak leaf powders in protecting the 
stored cowpea seeds from C chinensis attack unlike the other biocides. The 
extracts of L. camara (leaves, flowers) does not show adverse lethal effects, 
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but its efficacy to the three stored grain pests is found to be average. According 
to Pandey et. al. (1977) L. camera (leaves) possess 50% repellent and 
antifeedant, and average insecticidal properties against the larvae of mustard 
sawfly Athalia proxima Khug.The highest (1%) concentration of L. camara 
(flowers) tested on T. castaneum give survival rate of 31.25% as compared to 
45.82% by 5. oryzae. 
In the present study it is observed that out of the three stored grain pests, 
C analis is most susceptible to the biocides. The susceptibility of the stored 
grain pests to the toxic effect of biocides is different due to the complexity and 
chemical composition of the biocide. L. camara (flowers) extract is not 
significantly toxic to S. oryzae, whereas it shows some toxic effects to the other 
two stored grain pests. The effect of different plant materials on insects may 
depend on several factors such as chemical composition and species 
susceptibility (Casida, 1990). 
It is concluded from the experimental results that most of the biocides 
give promising results against the three stored grain pests. A. indica (leaves) 
extracts emerged to be most toxic against C. analis followed by S. oryzae and T. 
castaneum at 1% concentration (with mortality rates of 80.50%, 76.33% and 
74.32% respectively). However, the lower concentrations of this biocide also 
gave promising results, reducing the survival rate considerably. The highest 
(1%) concentration of ^. indica (Iruit) tested on C. analis gave survival rate of 
23.25%) as compared to 31.75%) by T. castaneum. Jotwani and Sircar (1965 & 
1967) have reported the efficacy of neem seed as a protectents against four 
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important storage insect pests of wheat and pulses viz. C maculatus, T. 
granarium, R. dominica and S. oryzae. These workers have successfully shown 
the repellent property of neem seed. Devi and Mohandas (1982) reported that 
neem oil at 1% concentration afforded protection to rice against R. dominica for 
six months. Girish and Jain (1974) reported the efficacy of neem kernel powder 
to protect rice pests and minimizing the storage losses. It is evident from the 
results obtained that they are consistent with the above findings. Xie et. al. 
(1995) also reported similar observations when they used neem products against 
T. castaneum. 
These experimental results reveal that plant extracts such asZ). fastuosa 
(leaves and fruits), C. procera (leaves), L. camara (leaves and flowers) and A. 
indica (leaves, flowers and fruits) are effective and can be used as an alternative 
to conventional synthetic insecticides for the storage insect pests. The results of 
this study demonstrate a possible scientific rationale for the incorporation of 
these products into grain protection practices. According to Chambers (1977), 
the feasibility of use of these materials under field conditions however is still 
questionable due to the physiological sensitivity of laboratory colony insects and 
field population, which may be markedly different. Thus, there is a need for 
more thorough investigation in such practices to facilitate their improvement 
and adaptation for the control of stored product insect pests especially in rural 
areas. 
It is clear from the free going account that these biocides used in the 
present investigation have been observed to posses promising properties .The 
study of mode of action of plant products used , are in progress in our 
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laboratory and will contribute to their use in future stored grain protection 
programme. 
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SUMMARY 
The stored grain pests viz., C. analis, T. castaneum and S. oryzae are 
known as economically important agricultural pests from all over the world . It 
is estimated that about 10% of the production is damaged by these pests. In 
order to improve the food grain storage facilities effect of some biocides have 
been against the above mentioned pests. 
The biocides are used in the form of petroleum ether extracts of D. 
fastuosa (leaves and flowers), C. procera (leaves), L. camara (leaves and 
flowers) and A. indica (leaves, flowers and fruits). Various concentration ranges 
from 0.005% to 1% are tested against the three stored grain pests, by allowing 
the adults to feed on the treated pellets in the insectary at temperature 28+2°C 
for 15 days. 
The present observation shows the toxicities of the biocides as follows. 
L.camara (flowers) extract is least toxic to S. oryzae followed by C. analis and 
T. castaneum with LC90 values 0.887, 0.900 and 0.993 respectively. C. analis 
and S. oryzae adults are most susceptible to A. indica (leaves), with LC90 values 
0.893 and 0.881, while T. castaneum shows highest response to C. procera 
(leaves) with LC90 value 0.887. 
It is imperative to make the farmers aware of the use of these biocides of 
plant origin, and to encourage them to use them for protecting stored grains. 
This can be done by first making available commercial formulations of these 
botanical insecticides. But this can become possible, only if we improve our 
knowledge of the chemistry of these biocides, and screen stored product pests 
against them. Also, they should be used, along with other insecticidal materials 
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in an IPM programme. Otherwise, they may become liable to such limitations 
which became the bane of the synthetic insecticides. The present study is 
confined to the effect of eight biocides, obtained from four plant species, against 
three species of stored grain pests. More such botanical biocides should be 
screened against a greater variety of stored grain pests, so as to enlarge the 
scope of usage of these biocides. 
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